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7KHUH LV VWURQJ GHPDQG IRU WKH GHYHORSPHQW RI PLFURPDQXIDFWXULQJ WHFKQLTXHV WR UHDOL]H WKUHHGLPHQVLRQDO PLFURVWUXFWXUHV 2QH RI WKH
LPSRUWDQW WHFKQLTXHV LV PLFURVWHUHROLWKRJUDSK\ ZKLFK VROLGLILHV SKRWRSRO\PHU UHVLQ XVLQJ RSWLFDO HQHUJ\ 5HJDUGLQJ WKH PDQXIDFWXULQJ
DFFXUDF\RIPLFURVWHUHROLWKRJUDSK\ VWUXFWXUDO HUURUV VKRXOG EH LPSURYHG KRZHYHU WKH\ DUH LQIOXHQFHG E\RSWLFDO FRQGLWLRQV WKHPDWHULDO
FRQGLWLRQVRIUHVLQVDQGVRRQ%HFDXVHGLPHQVLRQVDQGVKDSHVFDQEHHYDOXDWHGRQO\DIWHUFRPSOHWLQJDOORIWKHPDQXIDFWXULQJSURFHVVHVLQ
SURFHVVPHDVXUHPHQWLVXVHIXOIRULPSURYLQJPDQXIDFWXULQJDFFXUDF\7KHVROLGLILHGSKRWRSRO\PHUUHVLQFKDQJHVLWVUHIUDFWLYHLQGH[DVOLWWOHDV
FRPSDUHGZLWKWKHFDVHEHIRUHVROLGLILFDWLRQ,QWKLVVWXG\WKHVXUIDFHSODVPRQUHVRQDQFH635LVSURSRVHGWRPHDVXUHPLQXWHFKDQJHV
RIWKHUHIUDFWLYHLQGH[7KHFRQGLWLRQUHTXLUHGWRH[FLWH635LVKLJKO\VHQVLWLYHWRERWKWKHUHIUDFWLYHLQGH[RIHQYLURQPHQWDOPDWHULDOVDQGWKH
WKLFNQHVVRIDQGPDWHULDOVXVHGLQWKHSODVPRQLFVXEVWUDWH,QWKLVSDSHUWKHQRYHOPHWKRGDQGIXQGDPHQWDOSURSHUWLHVDUHGLVFXVVHG
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,QWURGFWLRQ
3RO\PHUPLFURHOHFWULFDOPHFKDQLFDOV\VWHPVSRO\PHU0(06VKDYHEHHQSURSRVHGDQGGHYHORSHG>.LP@3RO\PHUV
KDYH FKDQJHDEOH PDWHULDO SURSHUWLHV DQG D UHODWLYHO\ ODUJH QXPEHU RI FKRLFHV RI IDEULFDWLRQ PHWKRG IRU H[DPSOH
SKRWROLWKRJUDSK\ QDQRLPSULQW OLWKRJUDSK\ DQGPROG LQMHFWLRQ FDQ EH XVHG IRU WKHLU IDEULFDWLRQ0LFURVWHUHROLWKRJUDSK\ LV D
SURPLVLQJ PHWKRG IRU IDEULFDWLQJ SRO\PHUEDVHG SURGXFWV FXUUHQWO\ LW LV ZLGHO\ XVHG LQ PDQ\ ILHOGV VXFK DV HOHFWURQLFV
ELRPLPHWLF DSSOLFDWLRQV DQG PLFURIOXLGLFV %HFDXVH PLFURVWHUHROLWKRJUDSK\ LV DEOH WR IDEULFDWH WKUHHGLPHQVLRQDO REMHFWV
FULWLFDO JHRPHWULFDO GLPHQVLRQV VKRXOG EH PDLQWDLQHG ,Q IXUWKHU DSSOLFDWLRQV LQ LQGXVWULDO SURGXFWV PDQXIDFWXULQJ WROHUDQFH
PDQDJHPHQWEHFRPHVLPSRUWDQWZKLFKKDVUDUHO\EHHQFRQVLGHUHGWKXVIDU8VXDOO\WKHGLPHQVLRQVRIWKHPLFURREMHFWFDQEH
HYDOXDWHG XVLQJ FRQIRFDO PLFURVFRS\ VFDQQLQJ HOHFWURQ PLFURVFRS\ HWF 7KHVH PHWKRGV DUH DFFXUDWH KRZHYHU LQ PLFUR
VWHUHROLWKRJUDSK\WKHPHDVXUHPHQWSURFHVVLVW\SLFDOO\LPSOHPHQWHGDIWHUDOOIDEULFDWLRQVWHSVDQGULQVHWUHDWPHQWV,QSUDFWLFH
DIWHUDQXPEHURIUHSHDWHGVWHSVRIIDEULFDWLRQDQGHYDOXDWLRQWKHUHODWLRQVEHWZHHQIDEULFDWLRQFRQGLWLRQVDQGIDEULFDWHGREMHFWV
DUH LQYHVWLJDWHG VR DV WR LPSURYH WKH IDEULFDWLRQ DFFXUDF\ 7KHUH DUH PDQ\ IDFWRUV FDXVLQJ VWUXFWXUDO HUURUV LQ PLFUR
VWHUHROLWKRJUDSK\ 7KHUHIRUH WKH WULDODQGHUURU SURFHVV VKRXOG SURFHHG DV TXLFNO\ DV SRVVLEOH 7KHUHIRUH LQSURFHVV
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PHDVXUHPHQWIRUPLFURVWHUHROLWKRJUDSK\LVXVHIXOIRUKLJKO\DFFXUDWHIDEULFDWLRQ,QWKLVSDSHUZHSURSRVHDQRYHOPHWKRGDQG
LWVIXQGDPHQWDOSHUIRUPDQFHLVVLPXODWHG
0LFURVWHUHROLWKRJUDSK\
2.1. Fabrication principle 
 6WHUHROLWKRJUDSK\ ZKLFK LV DQ DGGLWLYH PDQXIDFWXULQJ PHWKRG FRQYHUWV OLTXLG SKRWRSRO\PHU UHVLQ LQWR D VROLG REMHFW E\
H[SRVLQJLWWRXOWUDYLROHW89OLJKW7KLVFXULQJSURFHVVFDXVHVWKHSKRWRLQLWLDWRUWRDEVRUE89OLJKWJHQHUDWLQJDIUHHUDGLFDO
57KHQSRO\PHUL]DWLRQEHJLQVDV WKHJHQHUDWHGIUHHUDGLFDOUHDFWVZLWKWKHPRQRPHU$IWHUSHUIRUPLQJWKHSRO\PHUL]DWLRQ
SURFHVV WKH OLTXLG UHVLQ LV FXUHG WR EHFRPH D VROLG SRO\PHU 2QO\ WKH 89H[SRVHG DUHD RI UHVLQ LV FXUHG LQ WKH SKRWR
SRO\PHUL]DWLRQSURFHVV




)LJ3RO\PHUL]DWLRQSURFHVV
 ,Q PLFURVFDOHG FRQYHQWLRQDO VWHUHROLWKRJUDSK\ D OD\HUE\OD\HU PHWKRG LV RIWHQ XVHG EHFDXVH D FRPSOH[ VKDSH FDQ EH
IDEULFDWHG >=KDQJ @+RZHYHU WKH UHVROXWLRQRI WKLV WHFKQLTXH LV ORZDQG WKH IDEULFDWLRQ VSHHG LV ORZ0RUHRYHU H[WUD
FXULQJLVDQDVVRFLDWHGSUREOHP0LFURVWHUHROLWKRJUDSK\XVLQJWZRSKRWRQSRO\PHUL]DWLRQKDVKLJKUHVROXWLRQ>.DZDWD@
EXWLVVORZZKHQIDEULFDWLQJWKUHHGLPHQVLRQDOREMHFWVEHFDXVHVFDQQLQJWDNHVWLPH7KHUHIRUHIRUPLFURVWHUHROLWKRJUDSK\RQH
VKRW QRQODPLQDWLRQ IDEULFDWLRQ LV PRUH DGYDQWDJHRXV >1LVKLQR @ ,Q RQHVKRW IDEULFDWLRQ E\ FRQWUROOLQJ WKH H[SRVXUH
SDWWHUQDQGLQWHQVLW\GLVWULEXWLRQWKHGHVLJQHGWKUHHGLPHQVLRQDOREMHFWFDQEHIDEULFDWHG7KHUHODWLRQEHWZHHQOLJKWHQHUJ\DQG
FXULQJGHSWKLVJLYHQE\WKH/DPEHUW%HHUODZ
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ZKHUHELVWKHLQFLGHQWOLJKWHQHUJ\EcLVWKHFULWLFDOHQHUJ\GRVHRIWKHUHVLQȖLVWKHDEVRUEDQFHFRHIILFLHQWRIWKHUHVLQDQGd
LVWKHFXUHGGHSWK7KHLQSODQHILJXUHLVFRQWUROOHGE\WKHPDVNVKDSHIRULOOXPLQDWLRQ
 $IWHU89H[SRVXUHWKHIDEULFDWHGREMHFWLVREWDLQHGE\ULQVLQJWKHXQFXUHGUHVLQDZD\
2.2. Shrinkage and change of refractive index 
 3RO\PHUL]DWLRQVKULQNDJHDQGWKHFKDQJHRIUHIUDFWLYHLQGH[RIFXUHGUHVLQGXULQJSRO\PHUL]DWLRQDUHZHOONQRZQSKHQRPHQD
>%RHU@7KHVWDWHRIWKHUHVLQLVFKDQJHGIURPOLTXLGWRVROLG7KHYROXPHRIWKHFXUHGUHVLQVKULQNVE\VHYHUDOSHUFHQWXS
WRUHODWLYHWRWKHOLTXLGUHVLQ7KHVKULQNDJHUDWLRGHSHQGVRQYDULRXVIDFWRUVIRUH[DPSOHWKHFRPSRVLWLRQRIWKHUHVLQ
7KHGLUHFWLRQRIVKULQNDJHLV LQIOXHQFHGE\WKHJHRPHWU\RI WKHFXULQJREMHFW7KLVVKULQNDJHHIIHFWFDQQRWEHQHJOHFWHGZKHQ
SURGXFLQJSUHFLVHLQGXVWULDOSURGXFWV
 7KHSRO\PHUL]DWLRQSURFHVVLQFUHDVHVWKHZHLJKWRIPROHFXOHVLQWKHUHVLQ)ROORZLQJWKH/RUHQW]/RUHQ]ODZWKHFKDQJHRI
WKHZHLJKWRIWKHPROHFXOHVLQGXFHVDFKDQJHLQWKHUHIUDFWLYHLQGH[RIWKHFROOHFWLYHUHVLQ
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ZKHUH n LV WKH UHIUDFWLYH LQGH[ ȡ LV WKH GHQVLW\NA LV $YRJDGUR¶V FRQVWDQWM LV WKH ZHLJKW RI D PROHFXOH Į LV WKH PHDQ
SRODUL]DELOLW\ 7\SLFDOO\ WKH UHIUDFWLYH LQGH[ RI UHVLQ LV FKDQJHG E\ URXJKO\  5,8 DIWHU SRO\PHUL]DWLRQ 7KLV FKDQJH LV
VXIILFLHQWWRFKDQJHWKHLQWHQVLW\GLVWULEXWLRQRILQFLGHQWOLJKW>.DJDPL@FRQVHTXHQWO\IDEULFDWLRQHUURUVPD\RFFXU
 7KHUHIRUH LGHDOO\ WKH SKHQRPHQD UHODWHG WR SRO\PHUL]DWLRQ ZLOO EH WDNHQ LQWR FRQVLGHUDWLRQ ZKHQ GHVLJQLQJ DQ REMHFW
RWKHUZLVH SURGXFW IDXOWV VXFK DV VL]HPLVPDWFKHV DQG FDPEHU HUURUZLOO HDVLO\ DULVH ,Q SUDFWLFH LW LV GLIILFXOW WR WDNH WKHVH
SKHQRPHQDLQWRFRQVLGHUDWLRQEHFDXVHRIWKHLUFRPSOH[LW\7KXVLQSURFHVVPHDVXUHPHQWRIWKHSRO\PHUL]DWLRQSURFHVVLVXVHIXO
2.3. Oxygen inhibition 
 2[\JHQ LQKLELWLRQ LV DQRWKHU NQRZQ GHJUDGLQJ IDFWRU LQ PLFURVWHUHROLWKRJUDSK\ >2¶%ULHQ @ :KHQ SHUIRUPLQJ
SRO\PHUL]DWLRQ WKDW LV D SKRWRFKHPLFDO UHDFWLRQ RI D IUHH UDGLDO ZLWK D PRQRPHU R[\JHQ GLVVROYHG LQ WKH UHVLQ LQKLELWV WKH
SRO\PHUL]DWLRQUHDFWLRQWKDWLVWKHGLVVROYHGR[\JHQUHDFWVZLWKWKHIUHHUDGLDOLQDQR[LGL]DWLRQUHDFWLRQ527KHUHDFWLRQ
VSHHG NRI WKHR[LGL]DWLRQ LV WLPHV IDVWHU WKDQ WKHSRO\PHUL]LQJ UHDFWLRQ VSHHG NP >2¶%ULHQ @)XUWKHUPRUH WKH
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SURSDJDWLQJUDGLFDORI WKHSRO\PHUPROHFXOH 3DOVRUHDFWVZLWKGLVVROYHGR[\JHQZKLFK IXUWKHU LQKLELWV WKHSRO\PHUL]DWLRQ
UHDFWLRQ ,Q PLFURVWHUHROLWKRJUDSK\ LQ ZKLFK H[SRVHG OLJKW HQHUJ\ LV UHTXLUHG WR EH UHODWLYHO\ ORZ WKHUH LV D FDVH WKDW WKH
/DPEHUW%HHUODZPXVWLQFOXGHWKHR[\JHQLQKLELWLRQWRXQGHUVWDQGWKHFXUHGGHSWK>7DNDKDVKL@7KXVR[\JHQLQKLELWLRQ
IXQGDPHQWDOO\LQIOXHQFHVWKHFXULQJSURSHUWLHV







)LJ3RO\PHUL]DWLRQSURFHVVZLWKR[\JHQLQKLELWLRQ
 $WPRVSKHULF R[\JHQ GLIIXVHV LQWR WKH UHVLQ 7R DYRLG WKH R[\JHQ LQKLELWLRQ HIIHFW WKH VXUURXQGLQJ JDV LV UHSODFHG E\ DQ
DOWHUQDWLYHJDVVXFKDVQLWURJHQRUFDUERQGLR[LGH*DVUHSODFHPHQWFDQEHPRQLWRUHGXVLQJWKHUHIUDFWLYHLQGH[FKDQJHRI WKH
UHVLQ )ROORZLQJ (TXDWLRQ  WKH ZHLJKW RI WKH PROHFXOHV LQ WKH UHVLQ DUH VOLJKWO\ FKDQJHG ,W KDV EHHQ UHSRUWHG WKDW WKH
UHIUDFWLYHLQGH[RIZDWHUFKDQJHVRIWKHRUGHURI5,8EHFDXVHRIGHJDVVLQJ>+DUYH\@,QWKHVDPHPDQQHUZHH[SHFW
WKDW LW LVSRVVLEOH WRPRQLWRU WKHFRQFHQWUDWLRQRIGLVVROYHGR[\JHQLQ WKHUHVLQLI LW LVSRVVLEOH WRPHDVXUHWKHUHIUDFWLYH LQGH[
FKDQJHRIWKHRUGHURI5,8
3URSRVHGLQSURFHVVPHDVXUHPHQWPHWKRG
3.1. Proposal  
 )RULQSURFHVVPHDVXUHPHQWKLJKPHDVXUHPHQWVSHHGVDQGWKHQRQFRQWDFWFRQGLWLRQDUHUHTXLUHG,QVWHUHROLWKRJUDSK\ WKH
REMHFW LVFXUHG LQVLGH WKHSKRWRSRO\PHUUHVLQ%HFDXVH WKHSKRWRSRO\PHU LVDVRIWPDWHULDOHYHQDIWHUSRO\PHUL]DWLRQFRQWDFW
PHDVXUHPHQWPHWKRGVDUHQRWDSSOLFDEOH7KHERXQGDU\EHWZHHQDFXUHGDQGDQXQFXUHGUHVLQLVQRWHDVLO\GHWHUPLQHGEDVHGRQ
UHIUDFWLYHLQGH[WKHUHIRUHRSWLFDOPHWKRGVVXFKDVFRQIRFDOPLFURVFRS\DQGVFDQQLQJFRKHUHQWLQWHUIHURPHWU\DUHQRWDSSOLFDEOH
,QWKLVVWXG\ZHSURSRVHWKDWWKHSKRWRSRO\PHUL]DWLRQSURFHVVLVPRQLWRUHGYLDWKHFKDQJHRIUHIUDFWLYHLQGH[RIWKHUHVLQ$V
GHVFULEHGLQWKHSUHYLRXVFKDSWHUWKHFKDQJHVRIUHIUDFWLYHLQGH[GXHWRSRO\PHUL]DWLRQDQGGLVVROYHGR[\JHQDUHRIWKHRUGHURI
 DQG UHVSHFWLYHO\ZKLFKPHDQV WKDW WZR UDQJHV RI WKH UHIUDFWLYH LQGH[PXVW EHPHDVXUHG)RU WKLV SXUSRVH VXUIDFH
SODVPRQ UHVRQDQFH 635 LV SURSRVHG0HDVXULQJ WKH DPSOLWXGH DQG SKDVH LQIRUPDWLRQ SURYLGHG E\ 635 DGGUHVVHV WKH WZR
UDQJHGPHDVXUHPHQWRIWKHUHIUDFWLYHLQGH[RIWKHUHVLQ
3.2. Surface plasmon resonance 
 635LVDVWDWHLQZKLFKIUHHHOHFWURQVLQDPHWDOFROOHFWLYHO\DQGKDUPRQLFDOO\RVFLOODWHQHDUWKHVXUIDFH635FDQEHH[FLWHGE\
OLJKW HQHUJ\ LQ WKH IRUP RI HYDQHVFHQW OLJKW >+RPROD @ 7KH FRQGLWLRQV XVHG WR FRXSOH WKH HYDQHVFHQW OLJKW DQG IUHH
HOHFWURQVVWURQJO\GHSHQGRQWKHUHIUDFWLYHLQGH[RIWKHVXUURXQGLQJPHGLXPDQGWKHDQJOHRILQFLGHQWOLJKW7KHUHIRUHDWDIL[HG
DQJOHRILQFLGHQWOLJKWWKHUHIUDFWLYHLQGH[RIWKHVXUURXQGLQJPHGLXPLVHVWLPDWHGYLDWKHH[FLWHGFRQGLWLRQRI635$VVKRZQ
LQ)LJXVLQJWKH.UHWVFKPDQQFRQILJXUDWLRQDVFDQOHVV LQSODQHPHDVXUHPHQW LVSRVVLEOHZLWKWKHXVHRIDQDUUD\HGVHQVRU
VXFKDVD&&'












)LJ6FKHPDWLFRILQSURFHVVPHDVXUHPHQWV\VWHPWKHPLFURVWHUHROLWKRJUDSK\V\VWHPLVQRWLOOXVWUDWHGEXWLOOXPLQDWLRQLVLQFLGHQWIURPWKHERWWRPVLGH7KH
PHWDOOD\HULVWKLQHQRXJKWRWUDQVPLWWKHLOOXPLQDWLRQOLJKW7KHUHLVVRPHLQWHQVLW\DWWHQXDWLRQRIWKHLOOXPLQDWLRQOLJKW
 +HUH 635 WKHRU\ LV GHVFULEHG 6XSSRVLQJ WKH FRQGLWLRQV VKRZQ LQ )LJ  VHYHUDO OD\HUV DUH IDEULFDWHG RQ WKH SULVP 7KH
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PDWHULDORQ WKH WRSVXUIDFH LVSKRWRSRO\PHU UHVLQ LWV UHIUDFWLYH LQGH[ZLOOEHFKDQJHG/LJKW WRH[FLWH635LV LQFLGHQWRQ WKH
OD\HUVIURPWKHERWWRPVLGH+HUHDIWHUWKHVHOD\HUVLQFOXGLQJJODVVDQGPHWDOVDUHUHIHUUHGWRDVDSODVPRQLFVXEVWUDWH
 %DVHGRQ0D[ZHOO¶VHTXDWLRQVWKHUHIOHFWLRQFRHIILFLHQWLVREWDLQHGXVLQJWKHIROORZLQJHTXDWLRQV>:DQJ@+HUHRQO\
SSRODUL]DWLRQLVFRQVLGHUHG
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
ZKHUHrLVWKHUHIOHFWLRQFRHIILFLHQWkzLVWKHZDYHQXPEHUhLVWKHWKLFNQHVVRIWKHOD\HUnLVWKHUHIUDFWLYHLQGH[DQGİLVWKH
SHUPLWWLYLW\7KHVXEVFULSWUHSUHVHQWVWKHOD\HUQXPEHU)RUWKHREWDLQHGUHIOHFWLRQFRHIILFLHQWrDPSOLWXGHDQGSKDVHDUH
FDOFXODWHGXVLQJIROORZLQJUHODWLRQ
ݎଵଶଷସ ൌ ȁݎଵଶଷସȁ݁ݔ݌ሺ݅߶ሻ   
)LJ0RGHORIWKHSODVPRQLFVXEVWUDWH
6LPXODWLRQ
4.1. Fundamental plasmonic properties for different metal layers 
 8VLQJ(TXDWLRQV WR WKHUHIOHFWLYLW\DQGSKDVHVKLIWGXHWR635DUHFDOFXODWHG8VXDOO\JROGRUVLOYHU LVXVHGIRU WKH
PHWDO OD\HU IRU 635 EHFDXVH WKH HQHUJ\ ORVV LQ WKHVH ILOPV LV ORZ ,Q SUDFWLFH JROG DQG VLOYHU GR QRW DGKHUHZHOO WR JODVV
PDWHULDOV WKHUHIRUH DELQGHUPDWHULDO VXFKDV FKURPHRU WLWDQLXP LV DOVRDSSOLHG16) LVHPSOR\HGDV WKHPDWHULDORI WKH
SULVP,QWKLVVWXG\WKHZDYHOHQJWKRIWKH635H[FLWDWLRQOLJKWLVQPVRDVWRDYRLGSRO\PHUL]DWLRQE\WKHVHQVLQJODVHU
7KHUHIUDFWLYHLQGLFHVRIWKHVHPDWHULDOVIRUDZDYHOHQJWKRIQPDUHOLVWHGLQ7DEOH>-RKQVRQ@
7DEOH/LVWRIUHIUDFWLYHLQGH[RIPDWHULDOVIRUDZDYHOHQJWKRIQP
*ROG 6LOYHU &KURPLXP 7LWDQLXP *ODVV16)
i i i i 
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)LJ5HIOHFWLYLW\OHIWDQGSKDVHVKLIWULJKWIRUDJROGOD\HU7KHWKLFNQHVVRIWKHPHWDOOD\HULVQP
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

)LJ5HIOHFWLYLW\OHIWDQGSKDVHVKLIWULJKWIRUDFKURPLXPOD\HU7KHWKLFNQHVVRIWKHPHWDOOD\HULVQP
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
)LJ5HIOHFWLYLW\OHIWDQGSKDVHVKLIWULJKWIRUDWLWDQLXPOD\HU7KHWKLFNQHVVRIWKHPHWDOOD\HULVQP

)LUVWWRXQGHUVWDQGWKHSODVPRQLFSURSHUWLHVRIHDFKPHWDOPDWHULDOVLPSOHVLPXODWLRQVZHUHSHUIRUPHG6XSSRVHDSULVPLV
WKHVXEVWUDWH2QWKHVXEVWUDWHWKHUHLVDPHWDOOD\HUWKDWLVYDULDEOHLQWKLFNQHVV5HVLQn LVSODFHGRQWKHPHWDOOD\HU
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7KHLQFLGHQWDQJOHRIH[FLWDWLRQOLJKWLVYDULHGIURPWRGHJUHHVLQFLGHQWRQWKHERWWRPVLGH7KHFDOFXODWHGUHVXOWVRIWKH
UHIOHFWLYLW\DQGSKDVHVKLIWIRUWKLVFDVHDUHVKRZQLQ)LJWR)LJ7KHWKLFNQHVVRIWKHPHWDOOD\HUZDVRSWLPL]HGIRUHDFK
PDWHULDO$WWKHDQJOHRIUHVRQDQFHWKHUHLVDGLSLQWKHUHIOHFWLYLW\WKHVWHHSHVWFKDQJHLVVHHQLQWKHSKDVHVKLIWIRUZKLFKWKLV
RSWLFDO V\VWHP LV DQDORJRXV WR WKH SK\VLFDO PDVVVSULQJGDPSHU V\VWHP 6LOYHU LV D ZHOONQRZQ SODVPRQLF PDWHULDO WKDW LV
FRPPRQO\XVHGEHFDXVHLWKDVWKHORZHVWORVVLQWKHYLVLEOHZDYHOHQJWKUDQJH6LPXODWLRQUHVXOWVVKRZWKDWWKHVWHHSHVWFKDQJH
ZDV REWDLQHG QHDU WKH UHVRQDQFH DQJOH &RPSDULQJ&U DQG7L WKH VDPH WUHQGV DUH VHHQ LQ ERWK UHIOHFWLYLW\ DQG SKDVH VKLIW
ZKHUHDVWKHWLWDQLXPKDVEHWWHUVHQVLQJSURSHUWLHV
)URPDVHQVLWLYLW\SRLQWRIYLHZVLOYHULVWKHPRVWSURPLVLQJSODVPRQLFPDWHULDOWLWDQLXPLVWKHEHVWFKRLFHIRUWKHDGKHVLYH
OD\HU ,Q WKLV VHFWLRQ D VLPXODWLRQ ZDV SHUIRUPHG IRU WKH VLQJOH PHWDO PDWHULDOV WR GHWHUPLQH WKHLU IXQGDPHQWDO SURSHUWLHV
+RZHYHUWKHRSWLFDO635UHVSRQVHXVLQJWZRPHWDOOD\HUVPD\EHGLIIHUHQWWKHUHIRUHWKH635SURSHUWLHVDUHLQYHVWLJDWHGLQWKH
QH[WVHFWLRQ
4.2. Fundamental plasmonic properties for different metal layers 
)RUUHDOLVWLFFDVHVDQDGKHVLRQOD\HULVXVHGWRGHSRVLW WKHPHWDOILOPRQWKHJODVVVXEVWUDWH7\SLFDOO\HLWKHUFKURPLXPRU
WLWDQLXPLVXVHGDVDQDGKHVLRQOD\HU,QWKHSUHYLRXVVHFWLRQWLWDQLXPZDVIRXQGWREHPRUHHIILFLHQWDVWKHSODVPRQLFVXEVWUDWH
+HUH WKHRSWLFDO SURSHUWLHVRI WKH WZRPHWDO OD\HUV RI VLOYHU DQG WLWDQLXP DUH LQYHVWLJDWHG6LPXODWLRQV DUH LPSOHPHQWHG LQ
DOPRVW WKH VDPH FRQGLWLRQV DV SUHVHQWHG LQ WKH SUHYLRXV VHFWLRQ $JDLQ WKH UHIOHFWLYLW\ DQG SKDVH VKLIW DUH FDOFXODWHG 7KH
WKLFNQHVVRIWKHWLWDQLXPILOPZDVXVHGDVDSDUDPHWHU LWZDVFKDQJHGIURPWRQPLQQPVWHSV$WHDFKFRQGLWLRQWKH
WKLFNQHVVRI WKHVLOYHU ILOPZDVRSWLPL]HGZLWKQPUHVROXWLRQ7KHUHVXOWVRIRSWLPL]DWLRQDUHVKRZQ LQ)LJ7KHRSWLFDO
SURSHUWLHVRIWKHWZROD\HUVDUHGHWHUPLQHGEHWZHHQRQO\VLOYHUDQGWLWDQLXP)RUUHIOHFWLYLW\XVLQJVLOYHURQO\UHVXOWVLQWKHEHVW
VHQVLWLYLW\+RZHYHULQWHUHVWLQJO\WKHKLJKHVWSKDVHVKLIWVHQVLWLYLW\FRPELQDWLRQLVVLOYHUDQGWLWDQLXP([SORULQJWKHRSWLPXP
FRQGLWLRQIRUWKHSKDVHVKLIWFRPELQLQJQPVLOYHUDQGQPWLWDQLXPUHVXOWVLQWKHKLJKHVWVHQVLWLYLW\IRUWKHSKDVHVKLIW
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)LJ5HIOHFWLYLW\OHIWDQGSKDVHVKLIWULJKWIRUVLOYHUDQGWLWDQLXPOD\HUV$WKLFNQHVVHVRIWKHPHWDOOD\HUVDUHL$JQP7LQPLL$JQP7L
QPLLL$JQP7LQPLY$JQP7LQPY$JQP7LQPYL$JQP7LQP
 8VLQJWKHREWDLQHGFRQGLWLRQWKHVHQVLWLYLW\WRFKDQJHVRIUHIUDFWLYHLQGH[LVFDOFXODWHG5HJDUGLQJWKHUHIOHFWLYLW\WKHUHVLQ
XSWRQPLQKHLJKWLVFXUHGZKLOHWKHUHIUDFWLYHLQGH[ZDVFKDQJHGIURPWR)RUWKHSKDVHVKLIWPLQXWHFKDQJHVLQ
WKHUHIUDFWLYHLQGH[RIWKHRUGHURIDUHH[DPLQHG)LJVKRZVWKHFDOFXODWHGUHVXOW)RUERWKFDVHVRSWLFDOUHVSRQVHVDUH
FKDQJHG E\ WKH GLIIHUHQW UHIUDFWLYH LQGLFHV ZKLFK LPSOLHV WKDW WKH SRO\PHUL]DWLRQ RI WKH SKRWRUHIUDFWLYH UHVLQ DQG WKH
FRQFHQWUDWLRQ RI GLVVROYHG R[\JHQ FDQ EHPRQLWRUHG XVLQJ WKH RSWLFDO UHVSRQVH RI 635 )LJ  VKRZV WKH RSWLFDO UHVSRQVH
SORWWHGDJDLQVWWKHUHIUDFWLYHLQGH[)RUWKHSKDVHVKLIWWKHFKDQJHRIWKHUHIUDFWLYHLQGH[IURPLVVKRZQLQWKHYHUWLFDOD[LV
7KH ILJXUH VKRZV WKDW WKH VHQVLQJ UDQJH LV GHWHUPLQHG XVLQJ WKH LQLWLDO LQFLGHQW DQJOH RI WKH OLJKW%\ VHWWLQJ DQ DSSURSULDWH
LQFLGHQW DQJOH JRRG VHQVLWLYLW\ DQG PHDVXULQJ UDQJH FDQ EH REWDLQHG VSHFLILFDOO\ ILQH WXQLQJ RI LQFLGHQW DQJOH VKRXOG EH
LQGLVSHQVDEOHIRUPRQLWRULQJGLVVROYHGR[\JHQ
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)LJ2SWLFDOUHVSRQVHVRIUHIOHFWLYLW\OHIWDQGSKDVHVKLIWULJKWYHUVXVWKHUHIUDFWLYHLQGH[RIWKHUHVLQ
&RQFOXVLRQ
 ,Q WKLV SDSHU ZH SURSRVHG DQ LQSURFHVV PHDVXUHPHQW PHWKRG IRU PLFURVWHUHROLWKRJUDSK\ XVLQJ 635 7KHUH DUH VHYHUDO
IDFWRUV WKDW FDXVH VWUXFWXUDO HUURUV LQPLFURVWHUHROLWKRJUDSK\7R DGGUHVV WKHVH HUURUV DQ LQSURFHVVPHDVXUHPHQWPHWKRG LV
XVHIXO7KHSURSRVHGPHWKRGLVIRFXVHGRQWKHFKDQJHRIUHIUDFWLYHLQGH[RIWKHUHVLQ7RPRQLWRUSRO\PHUL]DWLRQDQGGLVVROYHG
R[\JHQGLIIHUHQWVHQVLWLYLWLHVDUHUHTXLUHGRIWKHRUGHURI5,8DQG5,8UHVSHFWLYHO\7KHFRQGLWLRQVUHTXLUHGWRH[FLWH
635DUHVWURQJO\ LQIOXHQFHGE\ WKHVXUURXQGLQJUHIUDFWLYH LQGH[7KHUHIRUHXVLQJ UHIOHFWLYLW\DQGSKDVHVKLIWGXULQJ635ZH
UHDOL]HG WKH SURSRVHG LQSURFHVVPHDVXUHPHQWPHWKRG 6LPXODWLRQV VKRZHG WKDW SRO\PHUL]DWLRQ DQG GLVVROYHG R[\JHQ LQ WKH
UHVLQFDQEHPRQLWRUHGEDVHGRQFKDQJHVRIUHIOHFWLYHO\DQGSKDVHVKLIWGXULQJ635UHVSHFWLYHO\
 ,Q IXWXUH ZRUN WKH PHDVXUHPHQW SHUIRUPDQFHV ZLOO EH H[DPLQHG ZKLOH FRQVLGHULQJ WKH PDQXIDFWXULQJ WROHUDQFHV RI WKH
SODVPRQLF VXEVWUDWH 7KHUHDIWHU D PHDVXUHPHQW V\VWHP WR H[SHULPHQWDOO\ LQYHVWLJDWH WKH SURSRVHG LQSURFHVV PHDVXUHPHQW
PHWKRGZLOOEHEXLOW
5HIHUHQFHV
$.2ಬ%ULHQ&1%RZPDQ,PSDFWRIR[\JHQRQSKRWRSRO\PHUL]DWLRQNLQHWLFVDQGSRO\PHUVWUXFWXUH0DFURPROHFXOHV
$++DUYH\6*.DSODQ-+%XUQHWW(IIHFWRIGLVVROYHGDLURQWKHGHQVLW\DQGUHIUDFWLYHLQGH[RIZDWHU,QWHUQDWLRQDO-RXUQDORI7KHUPRSK\VLFV

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
- GH%RHU5-9LVVHU*30HOLV 7LPHUHVROYHGGHWHUPLQDWLRQRIYROXPH VKULQNDJHDQG UHIUDFWLYH LQGH[FKDQJHRI WKLQSRO\PHU ILOPVGXULQJSKRWR
SRO\PHUL]DWLRQ3RO\PHU
-+RPROD66<HH**DXJOLW]6XUIDFHSODVPRQUHVRQDQFHVHQVRUV5HYLHZ6HQVRUVDQG$FWXDWRUV%
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